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Many cell signalling pathways are modulated in
important ways by general cellular machineries,
such as those mediating protein degradation and
translocation. Two recent studies have revealed
roles for such mechanisms in the Hedgehog
signalling pathway in Drosophila. 
The Hedgehog (Hh) signalling pathway was first
identified as an important player in the Drosophila
segmentation process, but since then it has been
implicated in many developmental processes in a large
variety of animals [1]. The full range of functions of the
pathway is probably not yet known. In common with a
number of other pathways driven by evolutionarily con-
served extracellular molecules, inappropriate activation
of the Hh pathway in humans can lead to cancer. For
example, a large proportion of cases of basal cell car-
cinoma — a type of skin cancer — is caused by acti-
vation of the Hh pathway [2]. 
The Hh pathway thus has to be strictly controlled,
and two recent investigations have revealed how such
control is imposed by mechanisms that are present 
in every cell. Dai et al. [3] have discovered a gene 
or a novel protein, Debra (Dbr), which appears to
mediate ubiquitylation, and consequently to promote
degradation, of Cubitus interruptus (Ci), a downstream
transcription factor in the Hh pathway. And Zhu et al.
[4] report new insights into how a more upstream
aspect of the Hh pathway is regulated — in particular,
the balance between degradation and plasma mem-
brane stabilisation of the transmembrane protein
Smoothened (Smo), part of the Hh receptor complex. 
In Drosophila, Ci is the transcriptional regulator that
activates or represses Hh target genes; humans and
other mammals have three Ci homologues, known as
Gli proteins [5]. Dbr activity destabilizes Ci protein
resulting in decreased expression of Hh target genes;
conversely, loss of Dbr activity leads to elevated Ci
levels. How does Dbr fit into Ci function downstream
of Hh? In the absence of pathway activation, Ci is
cleaved to generate a transcriptional repressor (Figure
1) [6]. This proteolytic event requires phosphorylation
of Ci by protein kinase A (PKA) [7]. Interestingly, a
ubiquitin ligase, Slimb, has been implicated in this
cleavage process, indicating that proteolysis might be
dependent on the addition of ubiquitin to Ci [8]. Ci is
presented for cleavage as part of a complex with
several other proteins (Figure 1). Activation of the Hh
pathway leads to the dissolution of this complex [9],
inhibiting processing of Ci so that the full-length
protein accumulates in the cytoplasm and nucleus. In
the nucleus, an activator domain in Ci acts to induce
target gene expression [10]. Interestingly, the Ci
cleavage complex is tethered in the cell to the
cytoskeleton via the kinesin-related protein  Costal-2
(Cos-2) [11].
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Figure 1. Some key components of the Hh signalling pathway.
In the absence of a Hh signal, Cos-2, Fused, Su(fu) and Ci pro-
teins occur in the cytoplasm as a complex [19] which is linked
to the cytoskeleton (black parallel stripes). Ci in this complex is
a target for phosphorylation by PKA: the product is either pro-
teolytically cleaved into the Ci repressor, which requires Slimb,
or is degraded via poly-ubiquitylation by Dbr.
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Dai et al. [3] have shown that Dbr acts downstream of
PKA, and that the cleavage recognition site in Ci is
required for Dbr function. Dbr protein binds to Ci and
Slimb and enhances poly-ubiquitylation of Ci, but it
does not change the levels of cleaved Ci product. Dbr
thus is likely to act on Ci protein that is destined for
cleavage, but actually enhances its degradation. Con-
sistent with this, Dbr protein is found in late endosome
structures known as multivesicular bodies. It remains to
be established whether poly-ubiquitylation by Dbr really
does lead to the import of Ci into the lysosomal system,
an event which is normally seen as part of the cytoplas-
mic proteasome degradation process. It is also unclear
whether Cos-2, as part of the Ci complex, is required for
presenting the Slimb-processed Ci protein to Dbr.
Smo’s partner in the cell-surface Hh receptor
complex is Patched (Ptc), the ligand-binding component
(Figures 1,2). Smo has seven transmembrane-spanning
domains and is required for Hh pathway activation; Ptc,
in contrast, is a constitutive inhibitor of the pathway, and
this inhibition is relieved when ligand binds [12]. Smo is
seen at low levels in cells that can respond to Hh, and
most of the protein is found associated with intracellu-
lar membranes and not the plasma membrane [13].
Pathway activation, however, leads to an increase in the
level of Smo on the cell surface (Figure 2). 
Detailed studies of subcellular location of Smo have
been hampered by the small size of most Drosophila
cells. For this reason, in their study Zhu et al. [4] used
in vivo or explanted salivary glands from larvae, which
have comparatively large cells. They have extended
the analysis of activation-dependent Smo relocation
and shown that the Hh-dependent redirection of Smo
from cytoplasmic vesicles to the cell’s outer mem-
brane is rapid and independent of protein synthesis.
Overproduction of Ptc or Cos-2 suppresses this redi-
rection of Smo. This indicates that Cos-2 has a hith-
erto unsuspected role in Smo protein localisation. 
Zhu et al. [4] found that inhibiting endocytosis, with
drugs or dominant-negative forms of Rab small G pro-
teins, leads to stabilization of Smo at the plasma mem-
brane. In these cases, however, no pathway activation
was seen, indicating that the presence of active —
unliganded — Ptc at the cell surface still inhibits Smo
function. It is unclear if this is accomplished via forma-
tion of inactive Smo–Ptc multimers at the cell surface
— such complexes are rarely seen in vivo [13] and are
not found by electron microscopy (our unpublished
observations) — or via regulation of other, as yet
unknown binding partners. Cell surface localisation of
Smo is thus an important positive step in the Hh
pathway, but inactivation of the Hh receptor Ptc is nec-
essary for full activation.
How these membrane components of the Hh
pathway function is far from clear, except that Ptc
directs Smo’s placing in the cell. This might involve
association of Smo or Ptc with a particular membrane
compartment. It is interesting to note here that Ptc is
homologous to the product of a human disease gene,
Niemann Pick Disease gene 1 (NPC1). Both proteins
contain a recognizable sterol-sensing domain, which
is essential for Ptc’s influence on Smo location
[14,15]. Exactly what molecules NPC1 redirects is not
clear, though it is involved in shuttling membrane
compartments and their contents within the cell,
while the disease is recognised for its effects on cho-
lesterol metabolism. 
Translocation of Hh signalling proteins to distinct
locations within the cell is thus crucial to functioning
of the pathway. The importance of this is well illus-
trated by the finding of human oncogenic mutations in
smo, which result in stabilization of the proteins 
at the plasma membrane [4,16]. In fact, an active
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Figure 2.
In the absence of signal (top), Ptc is localised to the plasma
membrane while Smo is directed by  Ptc to the lysosome by an
unknown mechanism (grey arrow with question mark). In the
presence of signal (bottom), Ptc is inactivated — depicted by
closed-up Ptc model — and enters the lysosome. Because ptc
itself is a transcriptional target of Hh signalling, the levels of Ptc
protein are higher in these cells. Loss of Ptc activity leads to an
increase in Smo protein, which can be detected at the plasma-
membrane. Vesicles in black are derived from the endoplasmic
reticulum or Golgi apparatus, while vesicles in red are endo-
cytic/lysosomal.
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process involving cellular redirection of protein also
affects the Hh ligand itself: the ligand is modified by
addition of a cholesterol group [17], which is involved
in sorting the active molecules from the Golgi appara-
tus towards the apical side of the cell, where they
appear in large structures [18].
Can any of the findings in Drosophila be extrapolated
to human biology and medicine? There is little evidence
of proteins exhibiting sequence homology to Dbr in the
databases, though we have found that the amino-ter-
minal domain is conserved in Drosophila and Anophe-
les (unpublished observation). Interestingly, despite it
having a central function in protein localization in the
Drosophila Hh pathway, no clear homologue of Cos-2
has been found in vertebrates, either. Nevertheless, tar-
geting of proteins within the cytoplasm, organelles and
membrane fractions is clearly an important aspect of
Hh signalling. No doubt this is the case for other sig-
nalling pathways, but the Hh pathway might have some
distinct features because of its association with cho-
lesterol, which influences the membrane locations of
attached proteins. The Dbr involvement in its turn indi-
cates that putative address labels are not just limited to
membrane-associated molecules.
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